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EC-SOD Suppresses Contact Hypersensitivity in
Mouse Skin by Impairing Langerhans Cell Migration
Kwangmin Na1, Kyoung-Eun Kim1, Sang-Tae Park1 and Tae-Yoon Kim1
Extracellular superoxide dismutase (EC-SOD) is primarily a tissue enzyme and has been implicated in the
modulation of inflammatory response. The biological role of EC-SOD in skin, however, has rarely been
investigated. In this study, we aim to explore the effects of EC-SOD on the inflammatory response in skin by
evaluating the contact hypersensitivity response (CHS) in EC-SOD transgenic mice. Transgenic mice with skin-
specific expression of EC-SOD were sensitized and challenged with 2,4,6-trinitro-1-chlorobenzene (TNCB),
followed by measurement of ear swelling. EC-SOD transgenic mice showed significantly reduced CHS
responses compared with wild-type mice. Histological evaluation of the challenged ears of EC-SOD transgenic
mice revealed diminished infiltration of inflammatory cells with a failure to induce expression of inflammatory
cytokines, such as tumor necrosis factor-a and IFN-g, on sensitization and challenge with TNCB. Furthermore,
Langerhans cell migration to lymph nodes was impaired in EC-SOD transgenic mice. These results indicate that
EC-SOD downregulates CHS through inhibition of the inflammatory response, suggesting a possible
therapeutic regimen in inflammatory skin diseases.
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INTRODUCTION
Extracellular superoxide dismutase (EC-SOD) is a member of
the SOD family of proteins (Marklund et al., 1982) and is one
of the major tissue defense enzymes that protect tissues
against the toxic effects of reactive oxygen species (ROS).
ROS are important mediators of cell signaling events and
overproduction of ROS has been associated with various
diseases, including cardiovascular and pulmonary diseases
(Fuchs et al., 2001; Fattman et al., 2003). The SOD family
comprises three isozymes that are partly responsible for
maintaining low levels of ROS. CuZn-SOD (SOD1) occurs in
the cytosol and the nucleus. Mn-SOD (SOD2) is localized in
the mitochondrial matrix. EC-SOD (SOD3) is the most
recently discovered form, resides primarily in the extracel-
lular matrix of tissues, and is highly expressed in blood
vessels, lung, kidney, and uterus, whereas lower levels are
present in eye, skeletal muscle, liver, and brain.
The physiological role of EC-SOD has been evaluated in
EC-SOD knockout mouse models, in which no obvious
spontaneous phenotype was observed except for premature
death under stress such as high oxygen tension. In further
studies, these knockout mice displayed increased sensitivity
to lipopolysaccharide-induced inflammation or oxidative
damage, suggesting a modulatory role of EC-SOD in the
inflammation cascade (Bowler et al., 2004). Because ROS are
increasingly shown to mediate cell-signaling events in
inflammation, it was suggested that EC-SOD play an
important role in the inflammatory cascade by reducing the
events associated with ROS.
Despite an increasing number of studies on EC-SOD in
various inflammatory models such as arthritis (Ross et al.,
2004), little is known about its role in inflammatory skin
diseases. Psoriasis, atopic dermatitis, and contact dermatitis
have been linked to oxidative stress and inflammation. For
example, oxidizing species are released from inflammatory
cells during skin infiltration or are produced by keratinocytes
in response to chemical exposure and play important roles
as secondary messengers in redox-sensitive signal transduc-
tion and in gene expression leading to inflammation (Fuchs
et al., 2001).
In this study, we evaluated the function of EC-SOD in
skin by comparing the contact hypersensitivity (CHS)
response between wild-type (WT) and EC-SOD transgenic
mice. The transgenic mice overexpressing EC-SOD in skin
from the skin-specific human keratin-14 promoter were
reported previously (Kim et al., 2005). Our data presented
here demonstrate decreased CHS response in EC-SOD
transgenic mice with concomitant reduction of T-cell
infiltration and Langerhans cell (LC) migration, suggesting a
regulatory role for EC-SOD in the cutaneous immune
response.
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RESULTS
Suppression of 2,4,6-trinitro-1-chlorobenzene (TNCB)-induced
contact hypersensitivity in EC-SOD transgenic mice
The role of EC-SOD was evaluated in the CHS assays using
transgenic mice with skin-specific expression of EC-SOD (EC-
SOD Tg mice). In brief, the CHS response was measured by
challenging the mice with TNCB 5 days after primary
sensitization (Figure 1a) followed by measurement of ear
swelling. As shown in Figure 1b, CHS response was
suppressed in EC-SOD Tg mice as indicated by more than
twofold reduction in the ear swelling compared with that of
the control. The effect on irritant dermatitis was also
examined after application of SDS and the examination
showed that suppression of CHS was not caused by
nonspecific reduction of inflammation as both EC-SOD Tg
and WT mice developed similar degrees of ear swelling
(Figure 1e).
As EC-SOD is consistently expressed from keratinocytes
in this transgenic mouse system, we evaluated whether the
EC-SOD-induced suppression of CHS is permanent. To
evaluate, we tested whether EC-SOD could still exert its
suppressive effect on repeated challenge with the same
hapten. EC-SOD Tg and WT mice were reimmunized and
ear swelling was measured (Figure 1c). Again, similar results
were obtained, as the TNCB-induced CHS response was
significantly reduced in the EC-SOD Tg mice (70%
reduction).
Histopathological examinations revealed that there was a
marked decrease in infiltrating lymphocytes in the skin of the
TNCB-challenged EC-SOD Tg mice compared with that of
the control WT mice (Figure 1d). The reduction in infiltrating
lymphocytes is likely to account for less swelling of the ear
and thus suppression of the CHS response in EC-SOD Tg
mice.
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Figure 1. EC-SOD Tg mice demonstrate a downregulated CHS response. (a) CHS procedure. Groups (n¼ 5) of WT and EC-SOD Tg mice were sensitized with
TNCB on the shaved abdomen and, 6 days later, challenged by application of TNCB on both sides of the left ear. Fourteen days later, the same mice were
sensitized again on the shaved back and challenged with TNCB on both sides of the right ear. (b) and (c) Suppressed ear swelling in EC-SOD Tg mice. CHS
reaction to TNCB is represented as incremental ear swelling at 24 hours after challenge on day 7 (b) and day 21 (c). Mice with challenge alone exhibited no ear
swelling. The letter p (Po0.05) indicates statistical significance compared to WT. EC-SOD Tg mice showed (black bar) significantly reduced CHS responses
compared with WT (white bar). The value for each group is the mean7SD. (d) Histology of challenged ear skin. Four-micrometer-thick sections of ears
recovered from either WT or transgenic mice were stained with H&E. Note increased number of leukocytic infiltration and marked dermal edema in WT mice
compared to EC-SOD Tg mice. Bar, 100 mm. (e) EC-SOD Tg and WT mice were challenged on the ear with 0, 2.5, or 10% SDS. Data represent the change in ear
thickness over baseline after 24 hours. A single representative experiment from at least three independent experiments is shown. The letter p (Po0.05) indicates
statistical significance compared to WT. EC-SOD Tg mice (black bar) showed no significantly reduced irritant dermatitis compared with WT (white bar). The
value for each group is the mean7SD.
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Decreased infiltration of T-cells in the skin of EC-SOD Tg mice
during CHS
It has been shown previously that CHS response in mice and
humans is mediated by CD8þ effector cells and down-
regulated by Th2 CD4þ cells (Akiba et al., 2002). To assess
the mechanism of suppression of CHS response in EC-SOD
Tg mice, the level of T-cell infiltration in the challenged skin
was measured by immunofluorescence staining for CD3,
CD4, and CD8. As shown in Figure 2, strong signals for
CD3þ , CD4þ , and CD8þ cells were observed in the TNCB-
challenged skin of the WT mouse, whereas significantly
fewer T-cells were found to be infiltrating in the challenged
skin of EC-SOD Tg mice. Propidium iodide staining was done
in parallel to show total cells within the challenged skin (red).
The reduction in T-cell infiltration in the challenged skin of
EC-SOD Tg mice suggests that the lowered CHS response in
these mice was owing to decreased recruitment of the
inflammatory cells to the challenged site.
During the challenge phase of allergic contact sensitiza-
tion, a number of cytokines are known to be induced (Enk
and Katz, 1992; Kondo and Sauder, 1995). It has been
reported previously that, in mice, tumor necrosis factor
(TNF)-a is induced in epidermal keratinocytes and in the
dermal infiltrate after induction of CHS (Enk and Katz, 1992).
To determine if the reduced T-cell infiltration and thus the
suppressed CHS in EC-SOD Tg mice were associated with an
alteration of the proinflammatory cytokine expression, we
measured the levels of TNF-a and IFN-g expression in the
challenged skin by real-time PCR. As shown in Figure 3,
challenge alone did not induce transcription of either TNF-a
or IFN-g, which is in accordance with the results in the
Figure 1, where no ear swelling occurred in either WT or EC-
SOD Tg mice. On sensitization and challenge with TNCB,
the expression of TNF-a was significantly induced in WT
mice by more than threefold. The level of TNF-a expression
in EC-SOD Tg mice, however, did not increase and remained
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Figure 2. Immunohistochemical analysis of the inflammatory infiltrate
during CHS. The WT and EC-SOD Tg mice were sensitized and challenged,
as described for Figure 1. Cryostat sections from ears collected after 24 hours
of challenge were stained with (a) anti-CD3mAb, (b) anti-CD4 mAb, or (c)
anti-CD8 mAb and the results from EC-SOD transgenic mice were compared
to those from WT. Strong infiltration of CD3þ , CD4þ , and CD8þ T-cells was
detected in WT compared to EC-SOD transgenic mice (Tg) upon sensitization
and challenge with TNCB. Pictures are representative of five different mice for
each time point. WT, wild type; Tg, EC-SOD transgenic mice. Bar¼100 mm.
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Figure 3. RT-PCR analysis of TNF-a and IFN-c expression during CHS. Total
RNA was obtained from the ears of WT and EC-SOD transgenic mice (n¼ 5)
24 hours after challenge, followed by real-time reverse transcriptase-PCR to
evaluate the levels of (a) TNF-a and (b) IFN-g mRNA. The level of each
amplified cDNA was normalized to that of GAPDH and represented as bar
graph (*Po0.05 and **Po0.005). WT, wild type; EC-SOD Tg, EC-SOD
transgenic mice. A single representative experiment from three independent
experiments is shown. The value for each group is the mean7SD.
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the same as control, in which challenge alone was
performed. Similar to TNF-a, the expression of IFN-g was
also significantly increased during CHS in WT mice (sixfold
induction compared with challenge-alone control), whereas
it remained the same as the control in EC-SOD Tg mice. The
failure to induce expression of TNF-a and IFN-g during CHS
in EC-SOD Tg mice is likely to account for suppression of
CHS and decreased T-cell infiltration.
Impaired hapten-induced LC migration in EC-SOD Tg mice
LC represents major antigen-presenting cells within skin.
During the sensitization phase of CHS, LC capture and
process antigen, become activated, and migrate into the local
lymph nodes (Wang et al., 1999; Shimizu et al., 2003), where
they present antigen to naı¨ve T-cells. As the CHS response
was shown to be significantly impaired in EC-SOD Tg mice,
the underlying mechanism was further investigated by
evaluating LC mobilization during CHS. Experiments were
performed in which the density of the epidermal LC was
measured by painting the dorsal mouse ear skin with TNCB,
harvesting it, and evaluating it in terms of cell counting and
morphology using anti-mouse I-A antibody (Figure 4). As the
experiment was performed with epidermal sheets, most of the
I-Aþ cells were regarded as LC. As shown in Figure 4, the
numbers of LC in naı¨ve mice were similar in WT and EC-SOD
Tg mice (6277 and 6375, respectively), whereas TNCB
treatment caused a significant decline in the density of the LC
in WT mice up to 4573 cells per microscope field, owing to
the migration of LC from epidermis. In contrast, TNCB
treatment failed to provoke a significant LC migration in EC-
SOD Tg mice. The number of the LC was, on average, 5775
cells per microscope field. The data from this experiment,
together with previous results (Figure 2), suggest that EC-SOD
in skin may reduce CHS response through suppression of LC
migration and of T-cell infiltration through downregulation of
inflammatory response.
Reduction of hapten-bearing LC in the draining lymph nodes of
EC-SOD Tg mice
We have shown that the LC migration from epidermis was
impaired in EC-SOD Tg mice. The migration path by which
LC leave the skin and migrate to the draining lymph nodes
(Wang et al., 1999) has been well defined. Thus, to confirm
the decline of LC migration from epidermis, the density of LC
in the draining lymph nodes was also evaluated by FITC
painting. FITC is not only a contact sensitizer but also a
fluorescent marker for the migratory LC and has been used in
the in vivo LC migration assay since the 1980s (Macatonia
et al., 1987; Kurimoto and Streilein, 1992; Wang et al.,
1996). The uptake and transport of FITC by LC can be easily
traced by fluorescence. Twenty-four hours after FITC paint-
ing, the draining lymph nodes were collected and cell
suspensions were prepared. The cells in lymph nodes were
immunolabeled with PE-conjugated I-A antibody for LC
detection and then analyzed by two-color FACS analysis.
As shown in Figure 5, before FITC painting, essentially no I-
Aþ /FITC-bearing double-positive cells are present in the
draining lymph nodes, as expected (0.3% in WT and 0.5% in
EC-SOD Tg mice). After FITC painting, the frequency of I-Aþ /
FITC-bearing cells in the draining lymph nodes was
significantly enhanced in WT mice, the percentage of the
cells in the upper right quadrant (I-Aþ /FITC-bearing double-
positive cells) being 6.170.5% (mean7SD, n¼5). However,
in EC-SOD Tg mice, the percentage of double-positive cells
was significantly lower (2.270.2%; mean7SD, n¼5) than
in WT mice (Po0.01). This result is in accordance with the
reduced migration of major histocompatibility complex-a-
positive dendritic cells from the epidermis of EC-SOD Tg
mice.
Recent reports on CHS indicated ambiguity between LC
and dermal dendritic cells (DC) in mediating CHS (Kaplan
et al., 2005; Kissenpfennig et al., 2005; Kissenpfennig and
Malissen, 2006). Thus, to sort between LC and dermal DC
within the I-Aþ /FITC-bearing cell population, draining lymph
nodes were harvested 0, 24, 48, and 72 hours after FITC
painting and the cell suspensions were stained with anti-
CD11c as a DC marker and anti-langerin (CD207) as a LC
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Figure 4. Suppression of LC migration in the TNCB-treated ears of EC-SOD
Tg mice. Epidermal sheets from EC-SOD transgenic and WT mice were
prepared and stained for I-Aþ LC. Morphology of LC in epidermal sheet
preparations was similar between WT and EC-SOD Tg mice. (a) Original
magnification  200. Bar¼100 mm. (b) The number of I-Aþ cells was
counted in at least 10 random fields for each group (n¼ 5) and expressed
as the number of LC per microscope field (*Po0.05). WT, wild type;
EC-SOD Tg, EC-SOD transgenic mice. The value for each group is
the mean7SD.
www.jidonline.org 1933
K Na et al.
Effects of EC-SOD on Cutaneous Immune Response
marker, followed by FACS analysis (Figure 6). FITC-bearing
langerin-positive (FITCþ /langerinþ ) cells represent LC and
FITC-bearing langerin-negative (FITCþ /langerin) cells are
mostly dermal DC. As shown in Figure 6b, this assay revealed
a dramatic increase in langerinþ /FITCþ cells (LC) in the
draining lymph nodes from 24 to 48 hours after FITC painting
in WT mice, which then declined after 72 hours. Meanwhile,
significantly fewer langerinþ /FITCþ cells (LC) were detected
in the lymph nodes of the EC-SOD Tg mice (Figure 6b). The
number of langerin/FITCþ cells (dermal DC) in the draining
lymph nodes of WT mice also increased within 24 hours of
painting and then gradually decreased (Figure 6c). Again, in
EC-SOD Tg mice, this increase was suppressed compared
with that in the WT mice. Thus, migration of both epidermal
LC and dermal DC might be affected by EC-SOD. Therefore,
in our experiment, both cell types seemed to have
contributed to the CHS response.
DISCUSSION
In this study, the cutaneous function of EC-SOD was evaluated
in transgenic mice in which EC-SOD is overexpressed in the
skin. Skin is an important barrier protecting the body from
damage caused by environmental stress, including chemicals
and UV irradiation. Despite the increasing amount of evidence
suggesting that EC-SOD plays an important role in diseases,
such as atherosclerosis, hypertension, diabetes, rheumatoid
arthritis, and acute lung injury (Fattman et al., 2003), little is
known in detail about its role in skin.
The tissue distribution of EC-SOD is closely related to its
substrates and functional site of superoxide production to
prevent adventitious damage (Peterson et al., 1994). Mouse
skin exposed to UVB, which results in a strong oxidative
stress, exerted the induction of EC-SOD expression (Choung
et al., 2004), suggesting that EC-SOD might be involved in
the detoxification of skin. Oxygen radicals are produced as
by-products of normal oxidative metabolism, and ROS are
constitutively produced in epidermal keratinocytes and
regulate levels and activity of phosphorylated proteins within
the keratinocytes (Fattman et al., 2003). As EC-SOD has been
implicated in modulation of the immune response by
lowering the level of ROS, this led us to investigate its role
in skin inflammation.
CHS is a T-cell-mediated cutaneous response to reactive
haptens and has been useful in identifying mechanisms
involved in cutaneous immunity. We have assessed the
effect of EC-SOD by inducing and comparing CHS response
in EC-SOD Tg and WT mice. In our experiments, EC-SOD
Tg mice exhibited significantly reduced CHS response
compared with WT controls. This reduction of CHS in EC-
SOD Tg mice was accompanied by suppression of T-cell
infiltration in the challenged skin and by inhibition of
production of TNF-a and IFN-g, which are important
cytokines implicated in CHS. Furthermore, this effect was
not caused by the nonspecific suppression of inflammation,
as the same degree of ear swelling was observed between
WT and EC-SOD Tg mice in irritant dermatitis at both
subtoxic and toxic concentrations of SDS (2.5 and 10%,
respectively).
At present, the relationship between epidermal LC and
dermal DC in CHS is not clear. LC has been regarded as the
major player in CHS response (Schwarz, 1999; Mayerova
et al., 2004; Merad et al., 2004). However, recent data from
LC-deficient mice suggest an ambiguous role of LC in CHS
and, furthermore, LC was shown to be dispensable and to
have a rather regulatory function on CHS (Kaplan et al., 2005;
Kissenpfennig et al., 2005). At this point, we cannot
discriminate what type of DC is required more for the CHS
response as the migration of dermal DC was also suppressed
by EC-SOD. Although further investigation will be required to
prove the exact role of LC in CHS, we assume that the
discrepancy may be attributed to the following: first, different
mouse strains (C3H as the founder and back-crossed to C57/
BL6), compared to the work published by Kaplan et al.
(2005), might have contributed to the difference observed
regarding the role of LC. Second, in the langerin-DTA mice
(Kaplan et al., 2005), LC were not present during the
development of the skin immune system, which might
have resulted in dermal DC compensating for the lack of
epidermal LC.
It is interesting to note, however, that systemic over-
expression of CuZn-SOD, a cytosolic form of SOD, was
shown to enhance a delayed-type hypersensitivity response
induced by oxazalone through increased expression of TNF-a
in a transgenic mouse model (Marikovsky et al., 2003). As
EC-SOD and CuZn-SOD have been suggested to play
independent roles in vivo (Sentman et al., 2006), the opposite
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results from the CHS assay are not unexpected. The different
effects during CHS of CuZn-SOD and EC-SOD can be
explained by the following: First, CuZn-SOD is a cytosolic
enzyme, whereas EC-SOD is located in the extracellular
matrix; thus the place of action is different. Because super-
oxide radical penetrates membrane poorly, CuZn-SOD and
EC-SOD are generally assumed to have distinct roles in vivo.
Second, we have used a transgenic mouse model with skin-
specific expression of EC-SOD, whereas the role of CuZn-
SOD in CHS was investigated in transgenic mice with
systemic expression (Marikovsky et al., 2003). It is anticipated
that the whole-body expression of CuZn-SOD might affect
the immune system differently compared to the skin-specific
expression of EC-SOD, apart from having a different cellular
localization, yielding opposite results in the CHS response. In
addition, the different expression levels, and thus different in
vivo concentrations of CuZn-SOD and EC-SOD, might have
resulted in different redox states between the two transgenic
mouse models. Furthermore, in the study in which the
phenotypes of mice lacking CuZn-SOD and EC-SOD were
analyzed, no evidence for overlapping roles was found
(Sentman et al., 2006). Thus, CuZn-SOD and EC-SOD are
considered to have distinct physiological roles, accounting
for opposite results in the CHS assay.
EC-SOD is a scavenger of ROS, which is an important
messenger in the immune system; several attempts were
made to show the efficacy of EC-SOD in inflammatory
disease models, such as collagen-induced arthritis, liver
damage, and cardiovascular disease (Bowler et al., 2004;
Ross et al., 2004; Fattman et al., 2006). In addition, its long
half-life in vasculature (20 hours) and successful production
of recombinant EC-SOD on a large scale have suggested the
therapeutic utility of EC-SOD as an antioxidizing agent
(Fattman et al., 2003).
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Figure 6. Lower numbers of hapten-bearing langerinþ cells and dermal dendritic cells are present in the draining lymph nodes of EC-SOD Tg mice. Draining
lymph nodes were harvested 0, 24, 48, and 72 hours after mice were painted on shaved abdomens with 400 ml of 0.5% FITC (n¼ 5) and stained with
anti-langerin (CD207) and CD11c. (a) Langerin (CD207) versus FITC dot plots on CD11cþ -lymph node cells stained for intracellular langerin. Percentages for
each quadrant are noted. (b) The percentages of cells in the upper right quadrant (CD207þ /FITCþ cells) and cells in the lower right quadrant (CD207/FITCþ
cells) on CD11cþ -lymph node cells were determined (*Po0.05, **Po0.005). FACS plots are representative of three different experiments. WT, wild type;
EC-SOD Tg, EC-SOD transgenic mice. The value for each group is the mean7SD.
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In conclusion, we have shown that EC-SOD plays a role in
the modulating cutaneous immune response. Although
further examination would help in elucidating the detailed
mechanism by which EC-SOD downregulates the antigen-
induced immune response in skin, this is the first case
demonstrating its modulatory function in cutaneous immu-
nity and suggests the possibility of using EC-SOD as a
therapeutic agent.
MATERIALS AND METHODS
Animals
Generation of EC-SOD transgenic mice was described previously
(Kim et al., 2005). The animals were housed in an environmentally
controlled room with 12:12-hour light–dark cycle and free access to
laboratory chow and water. Mice between 8 and 12 weeks of age
were used, with five animals in each experimental group. The
protocol for animal use was approved by the Catholic Research
Institute of the Medical Science Committee.
Determination of CHS
CHS experiments were performed as described previously (Enk
et al., 1994; Schwarz et al., 1994). Briefly, mice were sensitized by
painting 100 ml of 3% TNCB (Sigma Chemical Co., St Louis, MO)
in acetone:olive oil (4:1) on the shaved abdomen of naı¨ve mice.
For elicitation of CHS, 6 days after sensitization, one ear of each
mouse was painted with 10 ml of 1% TNCB on both sides CHS was
determined by the degree of ear swelling of the TNCB-exposed ear
compared with that of the vehicle-treated control ear and measured
with a spring-loaded micrometer after challenge. Mice that were
challenged without prior sensitization served as negative controls.
Fourteen days later, the same mice were sensitized again on the
shaved back and tested for their ability to mount a CHS response
by a second TNCB challenge on the right ear. For irritant
dermatitis, mice were challenged without prior sensitization on
both sides of one ear with 10ml of the indicated concentration of
SDS (Sigma) dissolved in water. Ear swelling was measured after
24 hours.
Histology
Ears were collected from WT and EC-SOD Tg mice and then split
into dorsal and ventral halves. The ears were fixed in 4%
paraformaldehyde and embedded in paraffin. Sections of 5mm were
obtained, stained with hematoxylin and eosin, and examined under
light microscope.
Immunofluorescence staining
Ears collected from WT and EC-SOD Tg mice were embedded in
OCT compound (Sakura Finetechnical Co. Ltd, Tokyo, Japan) and
snap frozen in liquid nitrogen. All sections (5mm thick) were fixed
with cold acetone for 5 minutes at 201C. After they were blocked
with 10% BSA for 1 hour, sections were incubated for 1 hour with
primary antibodies against CD3 (1:100) (BD Pharmingen, San Jose,
CA), CD4 (1:100) (BD Pharmingen), and CD8 (1:100) (BD
Pharmingen, San Jose, CA). Specific binding was detected with a
FITC-conjugated anti-rat secondary antibody (1:200) (BD Pharmin-
gen), counterstained with PI (0.1 mg/ml) (Sigma), and mounted in
anti-fade solution (Vector Laboratories, Burlingame, CA). Images
were photographed with an Olympus A  70 microscope.
RNA isolation, cDNA synthesis, and real-time quantitative
PCR amplification
Total RNA for real-time quantitative PCR analysis of TNF-a and IFN-g
was isolated from the ears of mice by using the TRIzol reagent
(Invitrogen Corp., Carlsbad, CA). The first strand of cDNA was
synthesized from 3.0 mg total RNA using the reverse transcription
system (Promega, Madison, WI). The primer sets of TNF-a and IFN-g
were purchased as QuantiTect primer assays (Qiagen, Hilden,
Germany). To allow the relative quantification of TNF-a and IFN-g
minas, glyceraldehyde-3-phosphate-dehydrogenase mRNA was
used as an endogenous control. PCR was performed using the
M 3000 (Stratagene, La Jolla, CA) and the QuantiTect SYBR Green
PCR Kit (Qiagen). The amplification program consisted of 1 cycle of
951C with 10 minutes hold (hot start), followed by 35 cycles of 951C
with 15 seconds hold, 601C with 10 seconds hold, and 721C with
20 seconds hold. Specificity of amplification was checked by
melting curve analysis. A relative standard curve constructed with
serial dilutions of cDNA was performed for each gene and at each
run. After normalization, the median of target levels of only
challenged WT mice was used as the calibrator (1 sample) and
the results were expressed as an n-fold difference relative to WT
mice (relative expression levels).
In vivo LC migration in response to TNCB
The dorsal ear skin was painted with 20 ml of 1% TNCB (200mg) in
acetone:olive oil (4:1) and harvested 4 hours later. LC numbers and
morphology were evaluated in epidermal sheets prepared as
described (Cumberbatch et al., 1994). Briefly, the ears were excised
and split into dorsal and ventral halves using fine forceps. Dorsal ear
halves were then incubated in 0.5 M NH4CN (Sigma) at 371C for
20 minutes to separate epidermis from dermis. The epidermal sheets
were carefully peeled from the dermis, washed twice in phosphate-
buffered saline (PBS) fixed in acetone at 201C for 45 minutes, and
washed again. The epidermal sheets were then incubated with
phycoerythrin-conjugated rat anti-mouse I-A antibody (BD Pharmin-
gen, San Jose, CA) diluted to 1 mg/ml in PBS with 0.1% BSA for
45 minutes at room temperature. After further washing, the
epidermal sheets were whole mounted in glycerol, slides were
coded, and LC were counted in 10 high-power fields in the central
portion of the ear using confocal microscope (Fluoview FV500,
Olympus, Tokyo, Japan).
Assay for hapten-induced LC migration
Mice were painted on the shaved abdomen with 400 ml of 0.5% FITC
(Sigma) in acetone/dibutylphthalate (1/1) (Sigma). Draining lymph
nodes were harvested 0, 24, 48, and 72 hours after painting with
FITC. Lymph nodes were gently disrupted, and the stromal fragments
were digested with a solution of collagenase IV (0.5 mg/ml) (Sigma)/
DNase I (0.02 mg/ml) (Sigma) at room temperature for 25 minutes
and then filtered through nylon mesh (Vremec et al., 1992). Lymph
node cells were immunolabeled with anti-I-A as follows. The cells
were incubated for 5 minutes on ice with anti-CD32/CD16 Ab (BD
Pharmingen) to block FcgRII/III and then reacted with anti-I-A/PE (BD
Pharmingen) for 45 minutes on ice. To differentiate LC from dermal
dendritic cells, immunolabeling was performed using an intracel-
lular staining protocol including 0.1% saponin at each incubation
step. Cells were fixed and permeabilized with a kit (Fix & PermTM)
and stained in sequence with the rat IgG anti-langerin (CD207)
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929F3 (Abcysonline, Paris, France) and allophycocyanta-conjugated
anti-rat Ig (BD Pharmingen). To label surface markers, CD207-
stained cells were washed twice with saponin-free PBS plus 2% BSA.
Cells were then labeled with phycoerythrin-conjugated anti-CD11C
(BD Pharmingen). Two-color immunofluorescence was analyzed on
a FACScan (Becton Dickinson, San Jose, CA).
Statistical analysis
Data were analyzed using Student’s t test. Differences with Po0.05
(*) and Po0.005 (**) were considered significant.
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